To examine long-term effects of leisure time physical activity (ltpa) and occupational physical activity (opa) on later obesity, and to examine the effect of body weight on later physical inactivity in men with and without juvenile onset obesity. DESIGN: Population-based longitudinal study of obese and nonobese men, who were identified as draftees of median age of 19 y in 1943-77 and later examined at general health surveys in 1982-84, and in 1991-93. SETTING: Copenhagen and adjacent regions, Denmark. PARTICIPANTS: In all, 1143 juvenile obese men with a BMI Z31 kg/m 2 (corresponding to 35% overweight by an originally used national standard) at draft board examination, and, as a nonobese control group, 1278 men selected as a 0.5% random sample of the approximately 255 600 men examined at the draft board and thus representing the study population. MAIN OUTCOME MEASURES: Obesity, defined as BMI Z30 kg/m 2 , and physical inactivity at the last survey. RESULTS: In the cross-sectional analyses, there were strong concurrent inverse associations between ltpa and prevalence of obesity in both groups, whereas there was no relation to opa. In logistic regression analyses of obesity at the last survey, including both ltpa and opa as well as age, BMI at draft board examination, BMI at first follow-up, length of education, smoking and drinking habits, there were no significant effects of ltpa and opa on the risk of development of obesity in the nonobese group or maintenance of obesity in the obese group. Similar analyses of physical inactivity at the last follow-up as outcome showed a significant direct effect of BMI at first follow-up, with a significant trend in the nonobese group, but not in the obese group and no effects on opa. CONCLUSION: There is no long-term influence of physical activity on development and maintenance of obesity in men, whereas greater body weight increases risk of later physical inactivity during leisure time.
Introduction
A sedentary life style is assumed to play an important role in development and maintenance of obesity. [1] [2] [3] [4] Physical activity as assessed in one point in time has a long-lasting effect on obesity-related factors such as blood lipids, insulin sensitivity, and on incidence of and the risk of dying from cardiovascular disease. 5, 6 Numerous studies have shown in inverse relationship between body weight and physical activity, but prospective studies of the effect of physical activity on weight changes and obesity have given inconsistent results. 3 When the relationship between physical activity and obesity is investigated, it is essential to achieve an appropriate temporal sequence. Most prospective studies have used data on physical activity and body weight both at baseline and at follow-up, which confounds the possible effects of physical activity on obesity with the possible effects of obesity on physical activity. From such analyses of concurrent changes, it is impossible to determine which change occurred first, and therefore they give no information on the possible causal direction. Moreover, the weight history until baseline assessment may confound the prospective relationship. Thus, obese subjects who had lost weight and increased physical activity and who thereafter regain body weight, would create a spurious association of high physical activity and later obesity.
The purpose of this study was to examine the long-term, possibly bidirectional, relation between leisure time physical activity (ltpa) and occupational physical activity (opa) and maintenance and development of obesity in men with and without juvenile onset obesity.
Subjects and methods

Study population
The study population comprised 362 200 young Danish males, who had been examined by the draft boards of the metropolitan area of Copenhagen and the surrounding counties from 1943 to 1977. The study sample consisted of two groups selected at draft board examination: a group of men with juvenile onset obesity and a nonobese control group. The obese group included 1143 men with at least 35% overweight according to an originally used national standard, which corresponds to a body mass index (BMI, weight in kg divided by height in meters squared, kg/m 2 ) of at least 31.0 kg/m 2 . Being obese as young men at the draft board examination, they have developed the obesity in childhood or adolescence, wherefore they are denoted 'juvenile obese'. As a control group, a 0.5% random sample was selected from among all men at draft board examination in the same region and time period. After exclusion from the control group, the men for whom height and weight measurements were unavailable and exclusion of the obese control subjects who were already included in the obese group, the nonobese control group comprised 1278 men. All men in the study sample were invited to participate in two general health surveys conducted by the Copenhagen City Heart Study in 1982-84 and in 1991-93, follow-ups 1 and 2, respectively.
Draft board examination
In Denmark, the draft board examination was obligatory during the study period, and the men were usually examined between the ages of 18 and 26 y. At the draft board examination, all men underwent systematic examination including measurement of standing height (without shoes) and weight (in underwear only), and obesity was not an acceptable reason for exemption from examination. Follow-up studies At the first follow-up survey (follow-up 1) performed from 1981 to 1983, 964 participated from the juvenile obese group, and 1134 from the control group. In the second follow-up survey (follow-up 2) performed from 1991 to 1994, 792 juvenile obese and 918 controls participated. At the surveys, height and weight measurements were performed, and information was collected about physical activity, length of education, smoking habits, and alcohol consumption from a self-administered questionnaire. Details of the study design and methods have been published previously. 8 
Physical activity
Ltpa was graded into four levels: (1) inactivity: none, or less than 2 h/week; (2) medium activity: 2-4 h of light exercise per week; (3) high activity: 2-4 h of moderate exercise per week, and (4) very high activity: more than 4 h of exercise per week. In this study, the group at level 4 was too small to be kept separate, and it was therefore included in the group of those at level 3. Opa was classified into four levels: (1) sitting; (2) standing; (3) walking; and (4) lifting or heavy work.
Statistical analyses
The strategy of the analyses was based on the research questions raised. For the first series of analyses, the questions were: What is the relation between physical activity and the risk of maintaining obesity among obese subjects, and what is the relation between physical activity and risk of later development of obesity among nonobese subjects? Thus, the population at the risk of the outcome had to be defined as subjects in whom the outcome had not yet occurred at baseline, that is, follow-up 1. The juvenile obese men and nonobese controls had to be analysed separately due to the differences in the questions addressed. In the second analysis, the question addressed was whether BMI at one point in time affected later risk of being physically inactive. The population at risk was, not restricted to those being physically active at baseline and the two groups of men was analysed together although separate estimates of the relations were obtained.
Logistic regression was used in all analyses. In the group of juvenile obese the effect of ltpa and opa on subsequent odds of maintenance of obesity was analysed (having BMI Z30 kg/m 2 at second follow-up among those with BMI above 30 kg/m 2 at first follow-up). In the control group the effect of ltpa and opa on subsequent odds of development of obesity was analysed (having BMI Z30 kg/m 2 at second follow-up among those with BMI below 30 at first follow-up). Similar analyses were conducted with physical inactivity at follow-up 2 as outcome, although in these analyses, the physically inactive subjects at follow-up 1 were included and a common model for the juvenile obese and nonobese controls were made. Analyses of ltpa were adjusted for opa and vice versa. In order to adjust for potential confounding, the models included age (continuous variable), BMI at draft board and at the first follow-up study (continuous variables), length of education (years in school: r7; 8-11; and Z12 y), smoking habits (never, ex-smoker, 1-14, 15-24, and 425 g tobacco/ day), and alcohol consumption (o1, 1-7, 8-21, 22-35, and 435 unit/week). Confounders included in the cross-sectional analysis are mentioned in the table footnote, and Physical activity and obesity H Bak et al are used as described above. In all the analyses, the linearity of age effects were tested and confirmed (likelihood ratio test). In all the analyses, a 5% significance level was used, and the estimated odds ratios are given with 95% confidence limits (CI). Data analyses were performed using statistical analysis system (SAS, version 8).
Results Tables 1 and 2 show the distribution of age, BMI, and proportion of obese for the juvenile obese and control groups at the draft board examination, and at the first and second follow-up surveys. The greatest increase in median BMI was seen in the control group ( Table 1) . Most of the control and juvenile obese men were physically active in leisure time at both surveys, but there was a tendency to a decrease in the level of ltpa from follow-ups 1 to 2 in both groups (Table 2) . At both surveys, there were more inactive juvenile obese men than controls. The opposite was seen regarding opa, where the juvenile obese group was more physically active in general than the controls. There was a decreasing activity level in opa from the first to the second follow-up survey in both groups. Table 2 shows the cross-sectional analyses of the data from the follow-up studies. There was a distinct inverse association between ltpa and obesity in both groups, which was significant as a trend in all analyses except at follow-up 2 in the juvenile obese group. There was no clear association between opa and obesity in either group. At the first followup, there was a tendency to increased odds ratios with higher level of opa, but the opposite was seen at the second followup. Table 3 shows the changes in BMI from follow-ups 1 to 2 by ltpa and opa at follow-up 1 for the control and juvenile obese groups. There was no consistent trends across the levels of physical activity. The greatest increase in median BMI was found at the high level of ltpa in both groups.
As shown in Table 4 , there were no significant effects of previous ltpa and opa (at follow-up 1) on development or maintenance of obesity at the second follow-up for control and juvenile obese subjects, respectively. Adjustment for the confounders did not change the crude estimates. There were no clear associations between opa and presence of obesity at the last follow-up in either group.
The proportion of the subjects who were physically inactive in leisure time at follow-up 2 increased by increasing BMI at follow-up 1 in the control group and showed generally higher proportions in the juvenile obese group (Table 5 ). The odds ratios for physical inactivity were estimated in a common model for the juvenile obese and the controls and including BMI at draft board and first follow-up, and opa, age, length of education, smoking and At the follow-up examinations, the control group was older than the juvenile obese group, because there had been an increase in prevalence of obesity during the study period of draft board examinations, resulting in a relative increase in the younger part of the juvenile obese group. 
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alcohol drinking reported at follow-up 1 (Table 6 ). It showed a significantly increasing trend in odds ratios for physical inactivity by increasing BMI at first follow-up in the control group (Po0.02), no trend in the juvenile obese group, which generally had higher odds ratios. A corresponding analysis of low opa showed no significant trends (Table 6 ).
Discussion
In this study, we found no support to a long-term effect of ltpa on development or maintenance of obesity. We did find a concurrent inverse association between ltpa and obesity for both juvenile obese and nonobese men, which is in agreement with previous cross-sectional studies. [9] [10] [11] [12] [13] The results indicate that body weight is a strong predictor of later physical inactivity in leisure time, possibly explaining the cross-sectional relationships. There were no significant relations in either direction between opa and obesity or body weight in the two groups.
The advantage of our study is that the study design is prospective, with an objective measure of height and weight (BMI) at three points in time, and that the analysis of the relationships respects this design. The study is without recall bias in the assessment of physical activity, and misclassification in BMI due to possible differential errors in reporting is therefore beforehand avoided. Despite being a relatively rough measure of physical activity, our results confirmed the expected concurrent inverse association for ltpa, and demonstrated that BMI could predict later physical inactivity. Moreover, earlier studies using the same measure have shown strong predictive values of ltpa in relation to total mortality and incidence of cardiovascular disease. 14, 15 Therefore, we would expect that the physical activity measure would be able to pick up a relationship to later obesity, had it existed. Adjusted for opa or ltpa, respectively, age, length of education, smoking and alcohol habits, BMI at draft board and the first follow-up. 
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Earlier studies respecting the temporal sequence of possible causes and effects have given inconsistent results. 18 showed no relation between baseline sports activity and weight gain over a 2 y period for 142 men and no relation with ltpa for women. In a 2-y longitudinal study, Bild et al 19 found no relation between baseline physical activity and prediction of weight gain among 979 black men, and a direct relation between physical activity and weight gain among 1100 white men. We found no support for the hypothesis that ltpa prevents obesity in the long run, which seems in conflict with the results from our cross-sectional analysis as well as with the theory of energy balance. According to this theory, changes in energy stores are equal to energy intake minus energy expenditure. Therefore, it was expected that higher levels of ltpa could prevent obesity. This would require that the increased expenditure is fully compensating for an increased energy intake, which according to studies in free-living women may not be the case, at least in the short term. 20 In the present setting of large groups of free-living individuals, assessed at long time intervals, it is not relevant to apply the energy balance equation in the interpretation, since valid assumptions about the changes of the components of the equation, including possible primary changes in the fatstoring process, cannot be made. It is reassuring that a concomitant analysis of the longterm relation between physical activity, assessed by the same measures, and obesity in a different study population followed over many years essentially gave the same results. 21 In that study, it was moreover possible to take into account the possible effects of changes in physical activity in the period before the time period in which the changes in body weight were observed. This analysis showed no effect of such changes on the risk of later obesity, especially no increased risk of obesity followed among those with a decrease in physical activity. That study also discusses the various types of selection bias that may come from the unavoidable attrition during the very long time of follow-up of the population. In principle, the arguments presented in that study are valid in the present study.
Our results do not exclude a short-term link between physical activity and fat accumulation, in agreement with the expectation based on the energy balance equation. On the other hand, in a public health perspective, it is essential to demonstrate the long-term relationships in the free-living population. Even though there may be fundamental biological differences between weight gain in nonobese subjects and weight loss in obese subjects, it should be emphasized that our results may be relevant to strategies for prevention of obesity as well as strategies for management of already developed obesity.
The study clearly demonstrated that the greater the BMI, the greater the likelihood of being physically inactive in leisure time later in life, but not during work, even when taking into account original level of physical activity, preceding weight history as well as other pertinent behaviours. The tendency to reduced physical activity may be due Physical activity and obesity H Bak et al to increasing discomfort by increasing body weight caused by for example musculoskeletal problems and breathlessness.
In conclusion, these findings suggest there are no longterm effects of ltpa and opa on development or maintenance of obesity in men who as young adults were either nonobese or had developed juvenile obesity. Irrespective of body weight changes and obesity, there are several well-documented short-and long-term health benefits from a lifestyle that includes regular physical activity, for example a reduction in the risk of cardiovascular disease mortality, and a reduced risk of type II diabetes mellitus, also in the obese.
